The molecular structures of p-m ethylsulphonylbenzoic acid and m ethylphenylsulphone have been accurately determ ined by X-ray crystallography and gas electron diffraction, respectively. A fter correction for systematic effects, the geom etry o f the crystal m olecule is seen to agree with that o f the free m olecule within a few thousandths o f an Ä unit for bond distances and a few tenths of a degree for bond angles. A n exception is the S -M e bond distance, which is ca. 0.02 Ä shorter in the crystal. The distortion o f the benzene ring angles from 120°, an effect o f the -SCKMe substituent, is virtually the same from both experim ents.
Introduction
Comparison of molecular geom etries obtained by X-ray crystallography and gas electron diffraction is instrumental in evaluating the im portance of the dif ferent systematic errors inherent of each technique. Once these errors have been thoroughly corrected, residual differences in geometrical param eters may eventually throw light on the effects that crystal forces have on molecular structure [1] . H ere we re port the geometries of p-m ethylsulphonylbenzoic acid (1) and methylphenylsulphone (2) , as deter- mined in two independent investigations by X-ray crystallography and gas electron diffraction, respec tively. A lthough these are different molecules, com paring their geometries is perfectly meaningful, as the structural effect of the -CO O H substituent on the benzene ring is known to be negligibly small, ± 0.2° or less for any of the ring angles [2] . The crystal structure of methylphenylsulphone itself is known from an early X-ray diffraction study [3] , but the poor accuracy of the results prevents any m ean ingful comparison of geometrical param eters. The rigid-body model of Schomaker and Trueblood [4] describes reasonably well the therm al m o tion of the molecule in the crystal. The libration is strongly anisotropic, with the principal axes of the librational tensor virtually parallel to those of the inertial tensor. The largest oscillation (r.m .s. am plitude 6.7°) is a 'rolling' about the long axis of the molecule. A ppropriate corrections [4] were applied to the atomic coordinates from the high-0 refine ment.
The electron diffraction patterns of 2 were re corded with the Budapest apparatus [5] at a nozzle tem perature of about 168 °C, with nozzle-to-plate distances of 19 and 50 cm. Intensity data up to s = 34.75 A -1 were used in the analysis. A m olecu lar model based on a C6H 5S fragm ent with C2v sym metry and a S 0 2Me fragment with Cs symmetry was fitted to the intensity data by least-squares m ethods. 
R esu lts and D iscu ssio n
As generally found with aromatic carboxylic acids the crystals of /?-methylsulphonylbenzoic acid con tain centrosym m etric, hydrogen-bonded dimers. The O -H ---0 hydrogen bond, 2.629(2) Ä long, is the only strong interm olecular interaction occurring in the crystal. The three hydrogen atoms of the -S 0 2Me substituent point towards sulphonyl oxy gens from neighbouring molecules, with C -H -O separations of 3.47-3.69 Ä. Short contacts between sulphonyl oxygens and aliphatic hydrogens are nor mal in crystalline sulphones [6] [7] [8] .
The conformation of the -S 0 2Me group in the two molecules is the same, with the CMe-S-CPh plane nearly perpendicular to the plane of the ring. This conformation is also found in crystalline methyl phenylsulphone [3] , The geometry from the high-0 refinement of the X-ray diffraction study of p-methylsulphonylbenzoic acid agrees beautifully with the gas-phase results for methylphenylsulphone (Table I ). The agreement im proves further when the X-ray diffraction results are corrected for libration. Even the small distortion of the ring angles from 120°, an effect of the strongly a-electronwithdrawing -S 0 2Me group [2] , is virtual ly the same from both experiments.
The only significant differences between corres ponding geometrical param eters in the two molecules involve two bond distances, r(S = 0 ) and r(S -M e ). The 0.007 Ä increase of r ( S = 0 ) in the crystal as compared with the free molecule is likely to be an asphericity shift of the oxygen atoms. It is caused by the scattering of the lone pairs of elec trons, which is still appreciable at sin 0/A = 0.55-0.81 Ä " 1 [9] ,
The reason for the difference in the values of r(S -M e ) is by no means obvious. The values of r(S -Me) and r(S -Ph) are not very accurately d eter mined in gaseous m ethylphenylsulphone, since these distances fall under the same peak of the radial dis tribution. Nevertheless, the value of +0.014 Ä ob tained for the difference r(S -M e)-r(S -Ph) is consistent with the increase of covalent radius ex pected on going from sp2-to sp3-hybridized carbon. It is surprising that the corresponding difference from the X-ray diffraction study has a negative value even after correction for thermal motion effects, viz. -0.003 Ä. On the other hand the value of r(S -Me) from the high-0 refinement, 1.756(2) Ä , is in very good agreem ent with the values obtained by the same technique for two other methylsulphones, namely l,2-bis(m ethylsulphonyl)ethane, 1.755 -1.757(2) Ä [7] , and l-methylsulphonyl-2-phenylsulphonylethane, 1.759(3) Ä [8] .
The results of the present investigation indicate that the effect of crystal forces on the skeletal bond angles of methylphenylsulphone is, at most, of a few tenths of a degree. The effect on bond distances is also very small, a few thousandths of an Ä unit at most, with the possible exception of r(S -M e ). The present results also show that gas electron diffraction and X-ray crystallography can provide very accurate values for the internal angles of the benzene ring in m onosubstituted derivatives.
Detailed reports on the molecular structures of crystalline p-methylsulphonylbenzoic acid and gase ous methylphenylsulphone will be published else where [11] .
